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INTRODUCTION

« In 1934, Gotz and Dobson made a fundamental. study on the
problems associated wifth 1nvers:ion <0 radian’= measursments
for atmospheric ozone protfiles.

« First method for wvertical atmizinsil. fo.0< distraioatior
from satellite measurements presentsl Dy Zinzer oand
Wentworth.

«+ The current Naticnal Space 3cisnc2 Data Cenner algoritom
for BUV (Nimbus-4) ard 3BUV «Nimbus-": a1 Thivas 15 based

primarily on the work sf C.D. Rudgers.

;-

* This method formuiated 1n terms =irror soVarilance

qi

ith both d.rect T=1surements.,

5,

matrices. is associat=4d

apriori first guess profiles. and a weighting function

matrix.



STATEMENT OF THE PROBLEM
Profile Retrieval

Power Sp=ctirum

1. Profile retrieval: Achizvad by [nvsrsion of Radiative
Transtfer Egquations.

K()())(_ C/x :-7 (Fredholm Integral/lst kind)

K = Kern=1l'Fiantx REaiiation Law/Maxwell Equations)
X unknown profile
Y given data set of radiance valiuss

« To numerically solve: K(x) assumed independent of X.
Then the eguation is written in 2 linearized form:

y = Ax + Y
A = weighting function matrix
n = noise
* Standard Approach
-— Ignore N
--— Find A"}

-— Solve x = A''y

* Problems:
1. The A matrix 13 near singular

5> Number of Unknowns in the profilie exceeds the
number of data points(The Ill-Posed Problem) Therefore.
the solution may not be unigue.

3. Even if a unique szolution exists. Y may cause
the solution to be ill-conditioned.



MAXIMUM ENTROPY SOLUTION

-~

* Since the number of unknowns exceeds the number of
points. probability tneory is needed.

daca

x  Introduce Maximum Entropy formalism which 1nduces an
unknown probability distribution from partial data.

* Maximize the 1niIormation ~easure subject to the
following constraints:

-= Sum of the probabillitiles 1S 1.

-= The data. given as averages. 13 written in the
form of expectation values.

x Solution: An exponential probability distribution,
p. = expl - z'} VALY S/ ZXJLJ
&

Lagrange multipliers. and
Partition function.

where A‘.
Z(A.)

2. Power spectral e3timation for a time series of TOMS
data.

In 1967 Burg introduced his Maximum Entropy Method (MEM)
for power spectral estimation

(P + /N
P(f) =

N
2f+ Y ang exp (-2 if nat) | 2
n=1
- P~ is the predict:ion filter error power
- awne are the filter coefficients

- fn 1is the Nyqulst/sampling frequency

The coefficients are sbtained from the Yule-Walker
equations:

d N - on 1 Pret
%o .- =l v | 0
¢ =1 .- é0 ann 0

- ’N are the time-corelatiins functi>ns <I the

data.
- Length of the filter, N. has to be detérmined.



RESULTS

_ The cases depicted 1n the Figures are preliminary
and being refined for publication 1n two separate ;ournals
of the joint American and European physical societies.
Figures la and 1p sh:ow the case of the oZone profile
retri2val as done by tharn Nati-rna: 3pace 3c:ience Data
Center and the Maximum Entropy Methad respectively. The
latter shows a clear depietion of oIone for Jdata taken DYy
Nimbus-7 in the antarctic reglcn. Likewilse, 1n figures 2a
and 2b, for a mid-lantituls sampling. the Maximum EntYopy
shows a more reallistil ooone depleticon piciure.

Figures 2a.2& ana 30 i-mvoive the time-32ries and
Maximum Entropy power 3Sgpziiia D2 rhe ciny of Hyderabad.
India for the active S..ar y=2ar 1373%. The randomness and
periodicities evidert in the TOMI timeé SAries is clearily
confirmed in Figure 3b. Mor= important. tne three expected
abnormalities, ramely th? .8 day solar cyc.=2. “he mid-year
peak due to the chargs I 2GQUInIHES and the annual cycle cf
the motion of the ecciiptic are presert. 1nls is strong
evidence for the val:idity of this approach. The other

cycles are being studied with pernhaps a correlation ot tne
210 day cycle with the half period of -he Chandler wobble
as a possibility. The 80 day samp.e was rformed as a
-weck of both the stationarify =i LhL& Se = and the
authenticity of the 365 spectrum <ycles (r1g 3c). This
confirms the origin of the physica. processes governing the
spectral pericdicities as arising very ear
sclar year'

I

Figures 4a and 4b are tre TCMS t:me series and full
Maximum Entropy spectrum for Hyderabal fcr the less acttive
1380 year. A siight shift 1in poth the dynamic range and
frequercy agalin cleariy show that the series are not quite
stationary from year-to year. but the major cycles remain.
In all cases. a comparative FFT Spectrum could resolve no
more than the mid-year peak and was theref>re abandoned.

The remaining cases show both the Time series and
resulting full and partial sample spectra New York City
(41° lat) and SYOWAiJapanese) antarctic station (-709 lat).
The New York data shows a much:larger random spread than
Hyderabad and this resulted in a larger number of multiple
frequencies in the spectrum. A greater number of major
cycles are present as aré some of those found 1n Hyderabad
data including the speculative half pericd Chandler wobble.

The SYOWA spectrum was calculated Ior the cases of
134 days (up to the Sun gap). and 365 days (including the
gap) and again, a short sample of 80 days. This was done
in part to study effects such as the quas:i-2ilinear-
oscillation (QBO). More work needs to be done at this
point tc estimate correctly the secular trends 1n total
ozone.
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